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(54) Chemically amplified resist composition and method of creating a patterned resist using 
electron beam 

(57) The present invention relates to chemically 
amplified resists and resist systems wherein some of 
the polar functional groups of the aqueous base soluble 
polymer or copolymers are protected with a cyclic 
aliphatic ketal protecting group such as methoxycy- 
clohexanyl. The resists and the resist systems of the 
present invention containing the new protecting group 
have improved shelf-life and vacuum stability as com- 
pared to the prior art resists. Thus, the resists of the 
present invention are highly useful in e-beam litho- 
graphic applications. 
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Technical Held 

[0001] The present invention relates to chemically amplified resists and resist systems and. in particular, to a new 
class of acid labile protecting group for use with aqueous base soluble polymers or copolymers. The resists of the 
present invention containing the new acid labile protecting group when used as a coated film have improved shelHife 
and vacuum stability as compared to prior art resists. Thus, the resists of the present invention are highly stable and 
are useful in e-beam lithographic applications wherein such problems typically arise. 

Background of the Invention 

[0002] In the field of semiconductor manufacturing, lithography has been the main stream approach to pattern semi- 
conductor devices. In typical prior art lithography process, a UV light is projected onto a silicon wafer coated with a thin 
layer of photosensitive resist through a mask that defines a particular circuitry pattern. Exposure to UV light, followed 
by subsequent baking, induces a photochemical reaction which changes the solubility of the exposed regions of the 
photosensitive resist. Thereafter, an appropriate developer, usually an aqueous base solution, is used to selectively 
remove the resist either in the exposed regions (positive-tone resists) or, in the unexposed region (negative-tone 
resists). The pattern thus defined is then imprinted on the silicon wafer by etching away the regions that are not pro- 
tected by the resist with a dry or wet etch process. 

[0003] Many of the currently available resists are chemically amplified resists which are made of two major compo- 
nents- The first component of such chemically amplified resists is an aqueous base soluble polymer which contains 
polar functional groups and acid labile protecting groups. The protected sites of the aqueous base soluble polymer con- 
vert the polymer into an aqueous insoluble polymer. The second major component of prior art chemically amplified 
resists is a photoacid generator. Exposure of these resists to UV irradiation typically generates a catalytic species as a 
result of the photochemistry of the acid precursor. The catalytic species is believed to induce a cascade of subsequent 
chemical transformations of the resist that after the solubility of the exposed regions. Thus, the quantum eff icency of 
the photochemical event is amplified hundreds or even thousands of times through the catalytic chain reaction. The 
most commonly employed chemical amplification involves the acid catalyzed deprotection of various partially protected 
poly(p-hydroxystyrene) or poly(acrylic acid) for positive-tone resists. See, for example, U.S. Patent Nos. 4,491,628 and 
5 585 220 

[0004] In e-beam lithography applications, the chemically amplified resist is typically coated on a wafer and/or a quartz 
plate well in advance of mask formation. In the time between formation of the coating and pattenwise e-beam exposure 
of the resist coating in an e-beam exposure tool, the resist may undergo changes which effect its performance in the e- 
beam tool in an unpredictable manner. To avoid this shelf-life problem, the coated wafers or quartz plates are stored 
under vacuum or an inert gas to prevent contamination by water and/or air. 

[0005] In addition to exhibiting shelf-life problems on storage of the resist-coated plate or wafer, the prior art resists 
may undergo alterations in the e-beam tool itself during the lithographic process. In e-beam processes, the lithographic 
pattern is formed by sequentially exposing small areas of the coated wafer or plate. The entire e- beam exposure proc- 
ess is typically carried out under high vacuum. Thus, the area of resist last exposed will spend a significantly less 
amount of time in high vacuum after being exposed to the e-beam relative to the areas of resist exposed at the begin- 
ning of the lithographic process. Problems arise where the properties of the resist in the last exposed areas are different 
from in the first exposed areas because of the difference in length of time in the vacuum. 

[00061 In view of the above problems associated with prior art chemically amplified resists, it would be highly benefi- 
cial to provide a new and improved resist and resist system which do not exhibit any significant shelf-life or vacuum 
effect problems. Such a new resist and resist system would be especially beneficial in the field of e-beam lithography 
wherein such problems are generally found. 

Summary of the Invention 

[0007] It is an object of the present invention to provide a technique which alleviates the above drawbacks. 
[0008] According to the present invention we provide a chemically amplified resist comprising an aqueous polymer 
base soluble polymer or copolymer having polar functional groups, wherein some, but not all of said polar functional 
groups are protected with a cyclic aliphatic ketal substituent having the formula RO-X-, wherein X is a substituted or 
unsubstituted cycloaliphatic group containing from about 3 to about 12 carbon atoms, and R is selected from the group 
consisting of a linear or branched alkyl containing from about 1 to about 12 carbon atoms, a cyclic alkyl containing from 
about 3 to about 12 carbon atoms and an aryl containing from about 6 to about 14 carbon atoms. 
[0009] Further according to the present invention we provide a chemically amplified resist system comprising (a) an 
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aqueous base soluble polymer or copolymer having polar functional groups, wherein some, but not all of said polar 
functional groups are protected with a cyclic aliphatic ketal substituent having the formula RO-X-. wherein X is a substi- 
tuted or unsubstituted cycloaliphatic group containing from about 3 to about 12 carbon atoms, and R is selected from 
the group consisting of a linear or branched alkyl containing from about 1 to about 12 carbon atoms, a cyclic alkyl con- 
taining from about 3 to about 12 carbon atoms and an aryl containing from about 6 to about 14 carbon atoms (b) an 
acid generator; (c) a solvent for said base polymer; and (d) a base. 

[001 0] These and other objects and advantages can be achieved in the present invention by utilizing a cyclic aliphatic 
ketal substituent as an acid labile protecting group for an aqueous base soluble polymer or copolymer. 
[001 1] It is emphasized that, in additional to containing the above-mentioned polar functional groups and the cyclic 
aliphatic ketal protecting groups, the aqueous base soluble polymer or copolymer also contains a polymer backbone 
including but not limited to: polyolefins, polyolefin sulfones, polyketones, polyethers and the like. The aqueous base sol- 
uble polymer or copolymer including the polar functional groups, the cyclic aliphatic ketal protecting groups and polymer 
backbone is referred to herein as the chemically amplified resist 

[0012] Preferred aqueous base soluble polymers or copolymers that can be employed in the present invention are 
those that have hydroxyl or carboxylate polar functional groups. A highly preferred aqueous base soluble polymer 
employed in the present invention is poly(p-hydroxystyrene) (PHS) whereas a highly preferred copolymer employed in 
the present invention is a copolymer of styrene and hydroxystyrene. The preferred cyciic aliphatic ketal protecting group 
employed in the present invention is methoxycyclohexanyl (MOCH). 

[0013] Another aspect of the present invention relates to a method of preventing contaminants from contacting a 
coated substrate, e.g. wafer, quartz plate or mask membrane. In accordance with this aspect of the present invention 
the method comprises the steps of: (a) providing a coated substrate containing a thin film comprising the chemically 
amplified resist system of the present invention formed thereon; and (b) sealing said coated substrate with a light imper- 
vious material and/or an air tight material. A preferred light impervious material is Al foil whereas a polyvinylidene copol- 
ymer such as SARAN (trademark) is employed as the air tight material. 

[0014] A further aspect of the present invention relates to a method of creating a patterned resist on a coated sub- 
strate. In accordance with this aspect of the present invention, the chemically amplified resist of the present invention 
is applied to a substrate, as a thin film, and then the coated substrate is exposed to radiation, e.g. an e-beam. 

Detailed Description of the Invention 



[001 5] A preferred embodiment of the present invention provides a chemically amplified resist system that comprises 
components (a) - (d). The chemically amplified resist system of the present invention may also optionally include com- 
ponent (e), which is a surfactant. 

[0016] Component (a), i.e. the chemically amplified resist, comprises an aqueous base soluble polymer or copolymer 
having polar functional groups. e.g. hydroxyl or carboxlate, wherein some, but not all of said polar functional groups are 
protected with a cyclic aliphatic ketal substituent. 

[001 7] The aqueous base soluble polymers or copolymers employed in the present are typically well known to those 
skilled in lithography. Generally, the polymers and copolymers employed in the present invention are those that are 
capable of being dissolved in an alkaline solution and have polar functional groups that readily ionizes. Illustrative exam- 
ples of suitable polymers that can be utilized in the present invention include, but are not limited to: phenolic-containing 
resins such as poly(p-hydroxystyrene) and phenol-formaldehydes; polymers having an acid or anhydride group, e.g. 
polymethacrylic acid with an ester side chain; and acrylamide, imide or hydroxyimide group type polymer. 
[001 8] Preferred polymer resins have an average molecular weight within the range of 1 000 to 250,000, and prefera- 
bly within the range of 1000 to 25.000, to enhance its solubility in developer solutions. A highly preferred polymer that 
can be employed as the aqueous base soluble polymer is poly(p- hydroxystyrene) (PHS). Other example of preferred 
polymers include poly-m-hydroxystyrene. poly-o-hydroxystyrene and substituted polymers thereof. 
[0019] Examples of suitable copolymers that can be employed in the present invention are those which contain at 
least two of the following monomers: hydroxystyrenes, styrenes. acrylates, cyclohexanol, phenol-formaldehydes, meth- 
acrylates. acrylamides, maleic anhydride, maleimides, vinylnapthalene and anthracene. The copolymers employed in 
the present invention have the same molecular weight as expressed for the polymers. A highly preferred copolymer 
employed in the present invention is one which contains 30% styrene and 70% hydroxystyrene. 
[0020J The aqueous base soluble polymers and copolymers employed in the present invention also contain a polymer 
backbone such as, but it is limited to: polyolefins, polyolefin sulfones, polyketones. polyethers and the like. A highly pre- 
ferred polymer backbone for the aqueous based soluble polymers or copolymers is polyethylene. 
[0021] The aqueous base soluble polymers or copolymers employed in a preferred embodiment of the present inven- 
tion are prepared using conventional techniques that are well known to those skilled in the art. This includes liquid or 
gas phase polymerizations or copolymerizations using cationic, anionic or radical catalysts as well as Ziegler-Natta cat- 
alysts. 
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[0022] In accordance with a preferred embodiment of the present invention, some, but not all, of the polar functional 
groups of the aqueous base soluble polymers or copolymers are modified with the above-identified cyclic aliphatic ketal 
substituent which is used herein as an acid labile protecting group. The cyclic aliphatic ketal protecting group employed 
in a preferred embodiment of the present invention has the formula RO-X-, wherein X is a substituted or unsubstituted 
cycloaliphatic group containing from about 3 to about 12 carbon atoms, and R is selected from the group consisting of 
a linear or branched alkyl containing from about 1 to about 12 carbon atoms, a cyclic alkyl containing from about 3 to 
about 12 carbon atoms and an aryl containing from about 6 to about 14 carbon atoms. It is emphasized that the X por- 
tion of the cyclic aliphatic ketal substituent bonds directly to the soluble polymer or copolymer, not the R portion of the 
substituent. 

[0023] The partially protected polymer or copolymer is prepared utilizing technique well known to those skilled in the 
art. For example, the partially protected polymer or copolymer is prepared by an acid catalyzed reaction of the cyclic 
aliphatic ketal with an aqueous base soluble polymer or copolymer. 

[0024] Illustrative examples of unsubstituted cyclic aliphatic ketals that satisfy the above formula and thus can be 
employed in the present invention include: methoxycyclopropanyl. ethoxycyclopropanyl, butoxycyclohexanyl, methoxy- 
cyclobutanyl, ethoxycyclobutanyl, methoxycyclopentanyl, ethoxycyclopentanyl, methoxycyclohexanyl, ethoxycyclohex- 
anyl propoxycyclohexanyl, methoxycycloheptanyl. methoxycyclooctanyl. methoxyadamantyl and the like. Of these 
unsubstituted cyclic aliphatic ketals. it is highly preferred that methoxycyclohexanyl (MOCH) be employed as the acid 
labile protecting group of the aqueous base soluble polymer or copolymer. 

[0025] When the hydrogen of the cycloaliphatic portions of the ketal substituent is substituted, it may be substituted 
with hydrophobic groups, so-called 'etch resistance' groups or combinations or mixtures thereof. Examples of hydro- 
phobic groups that can be employed in the present invention are halogenated-containing groups such as -CF 3 . - CHF 2 . 
-CH 2 F. -CCI 3 -CHCI 2 and -CH 2 CI. and silicon-containing groups such as -Si(CH 3 ) 3 . When an etch resistance group is 
employed the hydrogen of the cycloaliphatic group may be substituted with one or more of the following: styrene, metal- 
containing groups such as Sn Ti and Zn, and large bi- and tricyclic groups containing from about 6 to about 20 carbon 
atoms. Additional etch resistance can be obtained, if copolymers of hydroxystyrene. vinylnapthalene, vinylanthracene 
and the like are used. ' 
[0026] As stated above, some, but not all, of the initial hydroxyl or carboxylate functional groups of the aqueous base 
soluble polymer or copolymer are protected with said cyclic aliphatic ketal substituent. Typically, the aqueous base sol- 
uble polymer contains from about 5 to about 95 mol % of said cyclic aliphatic ketal protecting group and the remainder 
being the initial, unprotected functional groups of the aqueous base soluble polymer or copolymer. More preferably, the 
aqueous base soluble polymer employed in a preferred embodiment of the present invention contains from about 10 to 
about 35 mol % of said cyclic aliphatic ketal protecting group. 

[0027] The photoacid generator used in the chemically amplified resist system is a compound which generates a 
strong acid upon exposure to energy. The acid generator is commonly employed herein, as well as in the prior art. for 
the deprotection of the acid liable protecting group. Illustrative classes of such acid generators that can be employed in 
the present invention include, but are not limited to: nitrobenzyl compounds, onium salts, sulfonates, carboxylates. 
triphenyl sulfonium salts and the like. A highly preferred acid generator employed in the present invention is triphenyl- 
suHonium trrf late. Examples of photoacid generators are discussed in great length in U.S. Patent No. 5,258,257 to Sinta. 
et al., the contents of which are incorporated herein by reference. 

[0028] The solvents that are employed as component (c) of the chemically amplified resist system are well known 
solvents that are employed in the prior art to dissolve aqueous base soluble polymers. Illustrative examples of such sol- 
vents include, but are not limited to: glycol ethers, aromatic hydrocarbons, ketones, esters and the like. 
[0029] Suitable glycol ethers that can be employed in the present invention include: 2-methoxyethyl ether (diglyme). 
ethylene glycol monomethyl ether, propylene glycol monomethyl ether and the like. Examples of aromatic hydrocarbons 
that may be employed in the present invention include toluene, xylene and benzene; examples of ketones include meth- 
ylethyl ketone, cyclohexanone and cydoheptanone; and examples of esters include propylene glycol monomethyl ether 
acetate (PGMEA), ethyl lactate, and ethyl ethoxypropionate. Of the solvents mentioned hereinabove, it is preferred that 
an ester be employed, with PGMEA being the most preferred ester. 

[0030] The bases employed in a preferred embodiment of the present invention are well known bases whose function 
is to scavenge protons generated in the chemically amplified resist system. If no base is present, residual acid in the 
formulation will attack and release the acid labile moieties of the aqueous base soluble polymer or copolymer during 
storage of the resist, thereby decreasing performance of the resist during processing and shelf-life. However, the base 
additive should be present in the resist system of the present invention at a significant lower concentration than the acid 
generator, since it would be undesirable to have all protons generated during imaging trapped by the base additive. 
[0031 ] Typical bases that can be employed in the present invention as component (d) include, but are not limited to: 
berberine cetyltrimethylammonium hydroxide. 1.8- bis(dimethylamino)naphthalene. tetrabutyl ammonium hydroxide 
(TBAH). amines and the like. Of these bases, it is preferred that TBAH be employed in the present invention as the base 
component. 
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th™«I!; e h SUrfaCtar t *fr n ° pti0nally be emp,oyed in 1he P resent invention ^ those that are capable of improving 
2SSf S ) T? en ^ r 6 ChemiCalty ampli,i9d r6SiSt ° f »» present invention -' ll,ustrative <* such^ur 

SSS:^ ^ 35 3M ' S - FCM3 ° - Si '~^ 9 ~* such'as 

SSL J"J Pr6ferred embodiment °» present invention, the chemically amplified resist system 
P'eferably composes from about 1 to about 50 wt. % of component (a); from about 0.001 to abouM2 v* % of 2mS 

STsSSS iT* ^n!° " ^ % ° f COmP ° nent (C) : and from *»* 00005 to ^ ^ % of^n?mS 
Ln^SES? P . ^ ,S P T ent a " am ° Unt * fr0m aboul 100 to *«* 1000 PP m - M°re preferable chel 
SutO^ 

£S 3^% ofS^Lf wS "TT"* W: fr ° m ab0Ut 70 to about 98 wt % of component (c); f^abou! 0001 to 

221, ?I component (d); and. rf present, from about 250 to about 800 ppm of a surfactant. 

STi ^r?T H ? r6SiSt SyS,em 3 preferred «*°*nent of the present invention is typically applied 

those in art JXEEZ ST* .^ Si : OTntai "i wafer W °- uartz b * appictfionTLl JSn to 

those skilled m art so that a thin film resist having a thickness of from about 0.1 to about 10 urn is achieved A preferred 
2222 f °; min9 J hethin resist of thepresent invention is by spin-coatng. The cMuS^S^S^ 

2S?h " 6 " beam a PP ,ica1ions usina and techniques well known to those skilled n the art tE 

pattern ,s developed using conventional developers also well known to those skilled in the art. An example of a suitaWe 

caHy amplrf led res.st and res«st system of the present invention is stable up to 3 or 4 months This reoresente a S 

irr:?: art re r ists - Morew *• resistfnms »• ^e^^^^ s ^ 

223 suSSST.TSi J" 6 T"! i + nV 1 nt '° n rdateS t0 3 method ° f prevent,n 9 <*>r,taminants *«" contacting a 
orislf thf^2 % ; 9 '. I qU3rtZ P ' ate - accore,ance wrth * is aspect of the present invention, the method com- 

SorSinTrSr^ Sl ?ff te haWn9 3 thin ,i,m COmpriSin9 the Chemica,| y ««PBW resist system 
of the present invention formed thereon; and (b) sealing said coated substrate with a light impervious material and/or 
an air tight matenal. Examples of light impervious material that can be employed in the p^e^^nTndude- SET 
mi? ^ f °' 3Der ar| d the like. A highly preferred light impervious material employed in t^e pres^^^werrtkwf is M fo 

J?TL ln * e Pr6Sent invention - rt is Preferred that the coated wafer or quartz plate by sealed with both materials with 

contetfr f ,^T^° US materia '- WW P ' a1e ° r wa,er a,so be P' ac&d in ^ evacuated cSSS o7a 
container filed wrth dry. mert gas whereby the container consists of the light impervious materia, and/or the at £m 

[0038] The following examples are given to illustrate the scope and spirit of the present invention Because these 
examples are given for illustrative purposes on.y. the invention embodiedtterein should* b^S'the^to 



Synthesis of 1-methoxycyclohexene (MOCH) 



S 2^ T 9 ? p ' toluene sulfonic add monohydrate was placed in a 2000 ml flask. Under vacuum the acid was 
S?5 9Un " thS ,? aSSware and to 9et rid <* * e from p-to.uene sulfonic acid. 

Imn mH, T ? < S heXane (fr ° m TCI AmenCa) W3S added t0 1,16 acid «* a silicon oil bath localeKSSS 
o^ral^ 10 ^ 80 " 9 °° C - ^ reaCti0n W3S carrtod 0ut unde ' va <™" to pumToff £e 

SEEE ^ 5 ^ ° n WaS raiS6d "P to ^ 1 1 0°C to distill the 1 -methoxycycl^exene 

The purity of MOCH was determined by NMR to be about 95-100%. "*^ywonexene. 
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Synthesis of 1-eth xycyclohexene 

collected through distillation. 
EXAMPLE 3 

Synthesis of partially methoxycyclohexene protected Maruzen polyhydroxystyrene (PHMC) (10% hydrogen- 
ated) 

r004ll 150 g of propylene glycol methyl ether acetate (PGMEA) was added to 50 g of PHMC and this mixture was 
cloheSne vTthe protecfion .evel on the phenol group of PHMC are shown in the table below: 



1 Amount of MOCH added 

(g) 


mole % protection on 
phenols 


| 9.4 


8% | 


1 14.9 


14% I 


I 17 


17% | 


I 18 


18.5% ] 



[0042] The amount of protection .evel can be adjusted by adding extra amounts of MOCH to the solution to get higher 
35 protection or PHMC to reduce the protection level. 



Synthesis of partially ethoxycyclohexene protected PHMC 
l0 043] Thesan^procedureasE^eSwase^^ 

groups on the PHMC polymer. 



Synthesis of partially MOCH protected polyhydroxystyrene (HCCPHS) 

r00441 The same procedure as described in Example 3 was employed in this example. s P ecifica "y-f out .^°' J* 
S sd^n conS 25 wt. percent of HCCPHS (100% homopolymer. from Hochest) was added in ^ about 
%^j£Z£2* and 21 g of MOCH. The reaction was quenched wrth 5 g of basic active aluminum ox,de and 
showed 33 mole % protection on the phenol groups of the PHS polymer. 
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Synthesis of partially methoxycyclooctene protected PHMC 

5 Sea s IJl^ e l r0Ced o. e ? Examp ' e 3 W3S in «» sample. Specifically, about 52 g of 

PGMEA solution contain.ng 25 wt. percent of PHMC was added in with about 35 mg of ojraliclctd and 7 s™r i J«Z 
oxycydooctene (from Frinton Laboratory). No reaction was observed beTeen^poC^ r lT^L^oZTe 
7ZI "TZ 0Vemi9ht - " me NMR indicated that the reacti °" cTtafned mSS^SS 

EXAMPLE 7 

Synthesis of partially MOCH protected Styrene-hydroxystyrene copolymer 

SSSa cII , ! : Same P / ocedure as described in Example 3 was employed in this example. Specifically about 200 a of 

- ~= 

aluminum oxide and showed 22 mole % protection on the phenol groups of the PHS polymer 
EXAMPLE 8 

25 Synthesis of partially MOCH protected methyacrylate-hydroxystyrene copolymer 

Sea Z£T P; 006 ^/ 5 described in Exam P |e 3 «bb employed in this example. Specifically, about 100 g of 
^a^^^SS? T T'V ^^e-hydroxystyrene copolymer (CMM, 50/50 from Maruzen 

EXAMPLE 9 

35 £ZSSl^l , " tot, formUlated ^ n "^ ro P"» ™* MOCH protected polyhydroxystyrene In E- 

[0048] Resist formulations were all obtained by mixing partially protected polymers with 0 14 wt % trfrah, am ™ 
n,um hydroxy (TBAH) and 0.7 wt % triphenylsuKonium trifle* (TPS) ^^S^J^TfSS^X^ 
PGMEA sotontThe total solid weight content in the solution was about 15%. The reJ^yJ!S^S^SS£ 

so Tv7 ^ t fi ' m ^ ^ ° n 3 h0t P,ate 31 1 10 ° C for 3 exposure w^SrSSonTeMS 

50 KeV Gaussian-beam systems (VS-6). Polymers were all protected to approximately 24 mole WltZlu* 

on mScE SSSTl > Wa . S ^ f,,m ,OSt ar0und 100 - 200 »"8*«n thic^eS rSSS 

bX^s^^ 

EXAMPLE 10 

50 

Comparison of Vacuum effect between MOP and MOCH system 

55 a^ ^^oT^Z^ ST In ,rth09raphic dose in vacuum fo ' ™* than 24 hours withouTexposure 
ana were taken out of the vacuum right after exposure. For the MOP system, the resist was exoosed anrf r*rn!w2i Z 
vacuum for 1.2.3,4. 5 hours, respectively, before r. was taken out of me vaouum . Fo <Z^Ta ?el7wT ta^en 
out of the vacuum right after exposure. There was no change for the first 1-2 hours ho^eTa sliS chanae 
observed thereafter. After aboutShours. the dos. of the resist sh^ed to 2(^ 
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MOCH system, no significant dose change was observed by keeping the exposed resist in the vacuum chamber of the 
e- beam too! for more than 5 hours. 



Comparison of MOP and EOCH system on resist coated wafer stability 
,0050, Twoformu,a ti onswereeva.u^^ 



SfHMC Both PQMEA assent and FC-430 as surfactant. Both were processed wKh the same baking 

p^r^^ 

table below shows the f ilm loss vs. the sitting time in the lab. 





Time sit 


same day 


10 day 


20 day I 




HCCPHS-MOP 


292 A 


731 A 


1096 A 


20 


PHMC-EOCH 


6A 


47 A 


78 A I 



Comparison of PHMC and styrene-hydroxystyrene Comparison of PHMC and styrene-hyrdoxystyrene coooly- 
mers 

So.^"^^ 

(gated by leaving the coated wafer in the regular lab environment to. some tune and L"f™ then d"""*"* 1 
TMAH developer for 60s. The table below shows the film loss vs. the smog time in the lab. 



Time sit 


same day 


1 day 


6 days 


8 days 


13 days 


20 days 


365 days 


PHMC 


OA 


7A 


19 A 


15A 


3A 


24 A 


all disolv 


CST 


oA 


2 A 


1A 


17A 


+8 A 


5A 


3136 A 



[0052] The first 20 days exhibited no film lost. PHMC polymer was dissolved away within 6-7s after 345 day, while 
CST polymer still retain some protection level and half of the film. 

45 

EXAMPLE 13 

Lithographic evaluations of different cyclic ketals protected PHMC 

«, rnn«i 1 ethoxvcvclohexane (EOCH) protected PHMC (22 mole % protection. Example 4) were evaluated against 
KoCH oro eSS ^pS^^^^^lorii using a 25 KeV Gaussian beam e-beam tool. Both res-sts were tor- 
n^^^^^S «dS.12 £ % TBAH of the partially protected polymer and 200-400 PPm of FC-430 sur- 
tartnnt^nlpGM^^ wafers were processed wrth 125°C/120s PAB and 1 10°C/60s PEB and developed 

55 to the 5.5 nC/cm2 of the MOCH resist system for 1 50 nm line and space resolution. 
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Lithographic evaluations of partially MOCH protected polymers 

[0054] Different MOCH protected polymers were evaluated to see their difference in lithographic performance Resist 
"S^iSS™^ ^(Example 7) was formu.ated the same way .stZp^ZT^tu 
HHtn^ ^rSZS^^^J^^^ 115 ° C/120S PAB 110-C/60S PEB. then W 



Xl foM min^M^^fnn SySt6m ^ USfn9 3 dOSe * ^ 20 " C/cm2 and ^eloped with o 2 ^N 
,„ ™£« J £ ™S 6Vealed 100 nm resol ^on °n equal line and space of resist images. 

eS an^Lo^/T!? HCCPHS (ExamP ' e and ° MM {Example 8 > ' esist s ^ ems "« ^rmuiated, proc- 
iCes^nS^^ 13 - *» ^ 150 - - space resoiution on List 

EXAMPLE 15 

Stability studies of resist coated wafers 

fSon^S.H iST 8 meth0 ^ 0hexan y | (MOCH) protecting group on the ketal was evaluated for lithographic 
^ ^ S0 '^ *^£\ e,f lrfe on a coated substrate. The resist was formulated with 0.7 wt. % TPS and 0 12 wt % TB AH in 
20 the 18.5% MOCH protected polymer using PGMEA solvent and 400 ppm FC-030 as a surfactant The pVc^ess cond 
f K e LL a ' fol,0WS: WaferS W6re at 3000 rpm to give a film thickness <7£ Tnm ^lESSUS 

apply baked (PAB) on a hot plate for 2 minutes at 125°C. They were exposed on a 25 KeVGaussian ^m^ZmS 
using a dose of 5.5 nC/cm2. After exposure, the wafers were given aX exposure bake £5JEr FmtauE^W 
The wafers were then developed in 0.26 N TMAH deve.oper for 1 minute. SBMmicrographs were taker^ ™ 1* 

oT^T^T^ n at 150 T equal lines and spaces wefe but in -SmT^T^^K 

Seas^lh^f!,^ 8 COated t su i strate - the wa '*-s were coated and given the PAB. The initial film thickness 
was measured, then the wafers were stored in single wafer carriers in a clean room storage area which was ouraed with 

area^exposed on the e-beam tool w.th the 5.5 ^C/cm2 dose, immediately given the PEB, and then developed ReX 

hnewidth. The following table summarizes the results of the shelf-life test for KRS-MOCH: **>™™on ana 





KRS-MOCH Shelf Life 1 


| Delay time (days) 


150nm line/space (nm) 


250nm line space (nm) 


Resist loss (nm) 


j 0 


111 


250 


38 


1 4 


135 


246 


57 


1 15 


118 


270 


110 


| 35 


98 


246 


186 



tSavTZfhf SI u 3t reS ' St l0SS at 15 dayS is the fai,ure mechanism. Resolution is still good up 

ro<£? T^ JLt! ' f VaneS fT er the 35 time frame - With Significant ,inewidth slimmi "9 a t»he longest delaXe 
0059] Th.s data can be compared to other prior art positive tone chemically amplified resist. UV3 which is a com- 
mercial res IS t based on hydroxystyrene and t-butyl acry.ate copolymer. The date issummarized in the Xbe.™ 



UV3 Shelf-Life 


Delay time (days) 


150nm line/space (nm) 


250nm space (nm) 


Resist loss (nm) 


0 


163 


240 


20 
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(continued) 



Delay time (days) 


150nm line/space (nm) 


250nm space (nm) 


Resist loss (nm) 


0.01 


157 


265 




| 0.17 


158 


263 




| 1 


167 


252 




I 5 


155 


274 


23 


7 not resolved 


not resolved 




20 



[0060] With UV3, resist loss is not the failure mechanism as it was with KRS-MOCH. In this case, resolution due to 
resist scumming is the mode to failure, and it occurs after 5 days. 

EXAMPLE 16 

Method of improving coated wafers and masks stability through packaging 

roofil 1 To enhance the shelf-life of KRS-MOCH, wafers were stored in single wafer carriers which were sealed in plas- 
S was hypothesized to be an inhibitor to shelf-life for KRS-MOCH, coukl be greatly reduced. 



KRS-MOCH Shelf Life, Sealed and Refrigerated 




Delay time (days) 


150nm line/space (nm) 


250nm like/space (nm) 


Resist loss(nm) | 


1 


111 


250 


38 J 


24 


114 


244 


58 I 


45 


108 


238 


61 I 


62 


114 


231 


47 I 


95 


83 


208 


53 "I 



[00621 It can be seen from this data that shelf-life is increased to 62 days based on linewidth data. Even at 95 days, 
resist loss is not the cause of shelf life failure. Linewidth slimming is the failure mechanism. 

Claims 

1. A chemically amplified resist comprising an aqueous polymer base soluble P 0 '*™^ 

functional groups wherein some, but not all of said polar functional groups are protected w th a cychc ahphatic ketal 
subSn^aving the formula RO-X-. wherein X is a substituted or unsubstituted cydoahphabc group c^nng 
from S STo Sou? 12 carbon atoms, and R is selected from the group consisting of . linear 
comaSg from about 1 to about 12 carbon atoms, a cyclic alky, containing from about 3 to about 12 carbon atoms 
and an aryl containing from about 6 to about 14 carbon atoms. 

2 The chemically amplified resist of Claim 1 . wherein said polar functional groups on said polymer or copolymer are 
replaced with from about 5 to about 95 mol % of said cyclic aliphatic ketal substrtuent. 

3. The chemically amplified resist of Claim 2, wherein said polar functional groups are replaced with from about 10 to 
about 35 mol % of said cyclic aliphatic ketal substituent. 

4. The chemically amplified resist of Claim 1 . wherein said polar functional groups are hydroxy! or carboxlate func- 
tional groups. 
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5 ' ^n e p Ch uT 0 iCally a T n f d reSi$t 01 aaim 4l Wherein 8aM P 01 *™' or copolymer further includes a polymer back- 

X^S2ST backbone is selected ,ram 1,18 9roup 01 po.~^2. 

5 6. The chemically amplified resist of Claim 5. wherein said polymer backbone is polyethylene. 
8. The chemically amplified resist of Claim 7, wherein said polymer is a phenolic-containing resin. 

20 r 1 e ; e e ChemiCal,y ampWied resist ° f Cla ™ ^rein said copolymer contains 30% styrene and 70% hydroxysty- 

12. The chemically amplified resist of any preceding Claim, wherein said cyclic aliphatic total is S el«i«H (mm 

- S^SS==r 

13. The chemically amplified resist of Claim 12. wherein said cyclic aliphatic ketal is methoxycyclohexanyl. 

15 " o^TnS SSr iSt 01 C, ? m 1 4> Where,n 8aW h ^°P hobic 9™P is selected from the group consisting 
of halogenated-contam.ng groups, s.l.con- containing groups and mixtures or combinations thereof. 

"^ot^^ 
^ 17. The chemically amplified resist of Claim 15. wherein the silicon-containing group is -S\(CHJ 3 

2 °' tm^fr!^"!'? ?? T""* 0 " 00p0lyme, conlalnln9 30% «>™» 7 <» hydroxystyrene wherein 
^ some, but not aU. ol f» hydroxy, functional of said hydroxystyrene are protected with rr^o^Saxtr," 
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22. The resist system of Claim 21 further comprising (e) a surfactant. 

23. Theche mi callyarr^edresi« 

1 000 ppm of component (e). 

-SsSsSSsSSSSSSESSS 

ppm of component (e). 

consisting ol glycol ethers, aromatic hydrocarbons, lactones and esters, 
hydroxide and amines. 

'* 29.Thechemic»l.yamp.«ied^ 
a wafer. 

30. Amethod of preventing contaminants from ~^ h ^ 

31 . The method of Claim 30. wherein said substrate is a quartz plate, a mask membrane or a wafer. 
35 32. The method of Claim 30. wherein said light impervious material is aluminum foil. 

33. «fche method of Claim 30, wherein said air tight material is polyvinylidene chloride. 

34. A method of preventing contaminants from coning a 

gas irLtmade from a light impervious material, an air tight material or a comb,naton thereof. 

35. The method of Claim 34. wherein said light impervious material is aluminum foil. 
45 36 The method of Claim 34. wherein said air tight material is polyvinylidene chloride. 

^ - rr^r»^ 

50 38. The method of Claim 37, wherein said radiation is an e- beam. 
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